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[WsRHf 1 ] 

mw.<o ^ $ ~- y Km. X m%LB ¥ — A ;& ;S # - : 

m ib a & ± (o f6 b iy ^ -r § m s » t 

* fit * ft ! J V ^ "7 7 -r IS i? St S t* o T > 10 
M SB H Jfe » ^ M IB » # « ft & © tt IB m W £r it 2 IT fc M IB S £ ± © j& © ft R * ftj >g f S «t 

u y ^ 9 y * m m m m . 
*o ib m * * w s MBZ&«.±<Dmm.<D7 ^ * y h • 1? <DttLm*wifet %r 7 j * y 

«naanE7 L -^ , ^tiii*as**i/, nt se m e * a > m ib « m m <o m ib m w % ft « f k n 

C*3RS4] 20 

if sa pj % a s mmMm±<^mm.(DmmT ^ ^ y b • - ^ <DHLm^tts^&«.^-~y 

c n m m 5 3 

mmm 1 & 4 $ t? o v» -r n a* — m tt k fc © y v^^x^jsusBo 

[WsRll 6 3 

WEK«[*«)fe*««?t^'r-i'3^&CfgiJ<0il«^^7 1 "-^a y * *» L T *s *) , mi SB 
»JSE3R«WffilH!JjSX7 i -5'a IS £ n , W IB SIS x - 7° JP it M IB S % X x - a > £ 

ft ib id je x t- — ^ a > © n -e "J id t? * 3 s M * i ^6. 5 S7o^fnfr-«icE«oy 

/^^^I'tai^sfli, so 

C If * ^ 7 3 
C»*3W 8 ] 

MtBS^PglS^jSji-f' / — >>' • IS * l A' 1 6 7 * T* © v -f n a* — ic IB is 

coy y^7 7-f Silt, 

[ It * £ 9 3 

*S> ft < £t>ffl$#fl9fcna5jttJW**!W» £DliT:'Mt>nft»«^r^ i'pY-i'^ttSSIf- 

m s ^ ^ 6 fa » s n /& mi ^ tr - a * ffl v> t m ib s m ± © A <o at m % m m f « x y 7° t 



ftf « * m ^ t ja » a* » « - a * {ft » r ^> x t- y 7 1 , 
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cif Mm i o ] 
[M#B 1 i ] 

Sg%IttSXfy7'ii, WBB«*±©J«0**Rtf/X(4«#*W3eT*C twis- 
ty s it99xa i oiciaicf/wxii^So 

c » 91 o m m ft is w ] 

[ 0 0 0 1 ] 

* W t* x 

t|jtft'JV^57^SIII»li:>t8. 

[fiat] 

[ 0 0 0 2 ] 

lTJ*5¥aSI!Ft5*)«)t bTl£iSlciRSn5^Sl?*5, ffl f§ r ?6 )V T J * 
it Q cciiflfflTtSiOTSS. — IK fc s JtS^?-^(i, Il@BXiitOr/^ 

x ft h co , a ^ tc £ * n it 7 s /w x k: 43 tt § # 5£ cd ifi flg jv ^ n m t § & © & * 

SlfSSfiffii'7 KX? • £ -f 7 M V it & m ;n -f 7 U y F - v x ? • ^7"S;2«)^X 

^ . # -i > 7 & # ty „ sfeitife-A^tc^-Oct^ftvx^^iBe-rsc^^jccT, -?x^ 

• x — 7 >]/ v %> t> , £ n *c £ ^ r fit * te ^ x ^ ^ a W fi£ if 3® £ — A^oMicifii 
7 s p y ^ a pj £ 5 9 - • r u . c co «fc ^ ft 7* / w x © - m » , » tt w ti s & tf s m 

xffi£SftT^*^«i«^AJWfttf#ia#Tfti: LTS»t« c 5S « ft 7 -< /I/ # 

~? £ LtfnSmX* $> 9 . Z<D#jfcT*s ? h 'J ^ ^ • 7 UX»S»I«i07 H UXfiS^ 
£ — VKSf'pTlf- — — y^^tlSo 7°Py7A5fl37- • 7 L"f © — ft W W 
t? a „ a»0»^5 7- *>6*5 , 7 b y v *XK?i*«fflt5. «■ « <h 5 5"- t* , M ft 

ipliS?*EB*iit«\ ff«ffifs*ffifflf scfctio, M *f i* r t ft * ftffi w- s 
cfc^wr^tPfeSo-^a^. c©$7-fcvt-'j ■ 7 Fi/xtf wiT'fe^ ^ <o 

Sft5SlftfcEWt5«J;-5KftoT^5. C co j; ^ ic L t , KWbft li-Attv h 'J 
X- 7 F 1/XS£hI1S7-©7 KPXi^/^-yCf oT/^-^>^Sn§, 
ft t F y y 7 X • 7 K U-X Mti, 3fi«ft« : f^K*ffiffltT*ff , r*Ci:Al t T?*«o ± 
IB CO ¥ #J © JK 7j tc $3 l,> T , ^ — — 1/ if # IS ti 10X«liC)7'7^7ABJiS7 - • 7 
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Mtf^lHtU S 5 2 9 6 8 9 1 RtlU S 5 5 2 3 1 93, StTl K P C T fSS ttSHW O 
9 8 / 3 8 5 9 7 atfWO 9 8 / 3 3 0 9 6 *>5ft5i:tS , 'e*, Cft6tt, #HfcLT 

7 P ^ V A bJ lLCD7l"f, *-<D<fc$&*S6©#!lfcJU *i»|FU S 5 2 2 9 8 7 2 K 

gSfttfet), K#iftt#JKfcbT#f«*lil*K:ffl#i&*n£<, ± %B *0 <fc -5 K » c © ±1 1& © 
3£ ft -f* * 5§ tt , j& Sic CTISX{J?riET't I> , ft * 7 - h, X (i t- - 7" ;]/ £ L 

T m M it T? # £ o 10 
IS % fffl * fc "f £ ft tf> fc , *:fc«©gS9"i»ii, & & m<DmM<DT , -rx^Rtfvx^ • -r 

jfe ic m l ft ^ * - - y ^ -ft m <d j; 0 j£ $6 ft s; is t? ii ^n^^t^fe^o 

[ 0 0 0 3 ] 

U V y v 7 S ^ B S a > ft t * *J , *S [U 5£ CI O <DlS!ifil?fiEffl-p*So ^o*^ 

t? * « . c © / t £ — y a v iSMSlls ( u ~7 x h ) •T»i?nftlfi ( 5/ u 3 y • 7 
x-m, lcd, tx?ss> ±0 (fctxtf 1 @ # bp ^- ± tc 

$S {ft T' * « o -ISfc, 1 tOx-A^, 1 £ fc 1 o f o m & % fr L T 5S M ft K. M ft$ 3" 
*x3«R©l»«SBffll8|S#5^&***v h7-i?t«:^^»CtC^^o Bl fx © (K ■ T* » 20 
t x ^ • f-7;Hovxi'(i:J;5/^'--y^^«fflt5*K « ft & 2C£0^MJF^^O 
W T IX M ft cf ti & <, — ^OJgSd'J V^7 7-i'iST , {i, # B t$ S3 £r « 1 HI <D ft m Co 
n e g o) T?g«##±fc:*'?X* • /<*-y±<*:*«#'**ii:«i: , »TJI8llt#fTt>fts C 

stft?n5fts»sii?«s *@«fiP#tc*fr*j!Bftftt, m © s m a c x -v y 77 

Ifll ) OSIli - AT-evX^^rflfjiWii:X + J t'>'L, R 1^ f£ 7? A £ M b ¥ fr X & S ^ fr 

Kiif-r/i/^x + t ytsctiu^TtT^ns. — jb k > c©ja»3R«fls*M cm 

■v yr«iaaEK:fS^8M*3lli;ftfe©K:**o c © IB ffi 0J! L ft y ^ v 7 ^ Se ffi K IMI f 

§ * & ft 5 ft $B it x ft fc * tf U S 6 0 4 6 7 9 2 Z tf 5 tl , Uli#I£ LT*WI 30 
[ 0 0 0 4 ] 

, a Wl m m # n (i/^xh) ©MKj:t) / >3a:<tt>»^w*ca*>nfta«±K*a«*ns 

o 18 ft X >y 7 O m ic , tlfctts 7 -7 5 > ^\ R V 7 h • < - * ft H O « 

^cD#|ii^:M^o ffi >te It , SISii , X h H)t ^ — ^ (po s t ~ e xpo s u r e b 
ake : PEB) , flu m - F • ^ - Z , RU ffiM? ■< — *f- -V <OM% / £f , tt^ 

¥ )i * s § c t ft s o c © ^ fin © sb w tt , f/ux, ft t a t£ i c co fa % <d m tt $ — 

>--^^-T-g.fti6cD»*i;LTffl( / >C3nS 0 %L^T?, * O £ 5 ft * — ~ W Z tlftM & 

, x-yf * y A ( F - If > ^ ) , S/a>» M , fb^mMWlS'S: 40 

^cD«^cT)7n-feX^ei>c: trtcft^o cne>«1"^T'a^©Ji%ti:±tf§ft46fc3fW* 

^^co/i^4^®ft«^, ^o#ii^#x{*^n^riEHLftt>©^, m t 
fg n § c t (c * a o R^Tf/wxu, ^ ^ v ^ x (i y — * y v ^ if <o & & t i; o a 

tijl^tS, •?-C><t'5^:7a-bX{C|gn>*e.^-Sf»fR«, ftt^.«\ r M i c r o c 
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miconductor Process ingj, Third Edition, P 

eter van ZantHUMcGraw Hill Publishing Co 
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COOO 5 3 

m%m%-ict zmmr*, u & « c ft i-x Pi rpyxj ti-rscttss^, com is 
« , & t: a m m yt ^ m m , s.myt^mm, % z ^ * h v y (c a t ad i op 

t r i c s y s t em) « $ tr # <f 7" © &fl£& * £ < S Hr f « t> © #? ft? * ft « "< 

ti?«§„ » ftf in ^ k s mmmmmv - a ^ « ^ , m , x « m -f & c ft s © ts it ? 

rnxf (multiple stage)] SSftt, 1* 10 

o -r - 7* ;b # M f? b t -ffi ffl BJ tl t? 3d D > X « > l M X f* % £Sc © x - 7" ;V ± T? <2> ¥ ft" n ft x 
r- V 7° CD A ff ^\ ffi © l ffl X $ 3& o x - 7" ;V =Sr tc ffi ffl U ft tKSi 7? Rj ffi 7? £> § . X a 
T )V • X f - i' O 'J V ^7 7 -f SSli, ft £ *. fc£ US 596944 1 StfWO 9 8/4 0 

[ 0 0 0 6 ] 

+ • D-^Xf i^tl«J;5I^fM*Ti/^, 7 -< — ••9--i'X»lHlSfSftSK < fct)fW 

Pi £ ft § 0 -T ft to % ^ jgRA*ffl^5»£©iHnRNA<D?&<o#»iitii.. 

[ 0 0 0 7 ] 

tft 1 ] 20 

w=k^ 

k A IS (pre-factor) t? & 5 <, 1P»N Attn • s i n 0 £ ^ 
L < s ft ft L s n(±llfti(Dlffi$T?fe§„ 
[ 0 0 0 8 ] 

U ft tfi -o X , ^ ffl m * ft 'h t 5 ft fc f* s & S * ^ S < bTt> HPR«±H'Tfe±^ 

o & i& eg ffl w *s ^ & ^ #: , ft t *tf 7ktcmm*M tg>m&<Dmm&tnM t mm t <d m 

©SUfl^^Mf^ct 5 %> l. t^IIJtin^, CC0t§^rcr)!ftm«J;D/jN^=5:7i'- 30 
f + ^8Sl?f §CtC$5*', * ft s It ft itt St ttl ?> WL & tfi ffi ft * T? 5S < ft * ft» 6 T* * 

[ 0 0 0 9 ] 

l^Lx S 1S , X tt a *5 & tf * « x - 7" ;U * jft ft © ffi E M t ( ft £ fc£ U S 4 5 0 9 8 

5 2*#BH*ftfcv» 0 cftt*£f*##JR£LT:*:WIB»fcfi#»**i.*) ktUttt, 
X^-v vii)£*Eftm^£^g^&£^S©^ft* ,; &£ i: v» ■? £ t5:i*t5. c©c i: 
(C*^, ^©ifiJoXttiOSa***— * ft ft 4> O S. ffi ^ Si S t < 

[00 1 o ] 

iisnfci^so i mwfkf^^ 7, f- hx^m^^ mm mmm tmut orsom 40 
tLt^s) o cn*fflif 5ft«)ica*snTi<>5 ioossm:, woo 9/4 9 50 

^ f <fc -5 K: ^ ft & > 'J>4< it l OOAP I N*/MT, L < i$,m%%&W:micp$? Z> 
S«©#ife7Jloitc^oTS«±^«^^ft, S^^©T7^^jl)ibft^'>ft<<!; ! £> 1 ~o<D 
WPOUT^/fLTlSSn^, ft to * , »^^-X*lRl(cS^©M^cDT^T'7s^-r 

^ t ffl fig 1? « > Sflt^AP I N^MTil&Sft, *»J»K*Oflll*©«35P&, 

it m m ^ ft ft hi □ o u t £ /f l t 31 * & a* ft & , si 4 o m ^ t? tt it ft u * *s 15 s ^ *c 

f *»*©»»#iai::»oT «s&^ ft§A^ cfttt&-fLt.&3n?«ft^. e»?iagsi© 50 
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0 {dt^ft^rninJflt^rft 



r e 



5 ic m 

s e r 



iift-MT-a, a p £ * <o m fill © ffl □ & ft * 4i©i^, m * © 

v o i r ) i|£jBrt-rS**HMHH©»W/<*-^lcRtt&ftTV'>*, 
[001 1 ] 

L L , -Tv — 5>ay • iJV^57^ (immers i on 1 1 thography 
) ftH®3&±©f£fi?iT&D, fcKoafflKKLTtt^OHJBtfJSoT^*, * # t*F ttt 
ft WMC , H*R«DT9-i'?t>hRtf¥*ft:tcia-rs. tS£ * K tB tt s 77-f^hSO*¥* 
•ft ft, StS^fSi^ ^cOliifrt (t4*)^, Ift^f-i'ay) tc*S^S8T?fi : t>nTV'>a . 

s * ipj ffl t- # « s m ft * ft is h ft < s * to it , n ssf o m ffl « a m k ft o # t? t> , x 10 

#£"rscitc:J;?), C © ^ g © 'ft |g *Uft T t" 5 ^ # s 3& £ « 
[00 1 2 ] 

*mm<D l -0(0 mm it, J T - S> a V • 'J V^7 7i'8BflT'lS?;iESii:75^^y 

[ r ■ * 8? -r « rc 46 © ¥ is ] 

[00 1 3 ] 

c © b w & tfffi © g w ft > # s w £ t . ■ai©ift«T?»js*n?fcyv^97^«i« 20 

¥n * &c fcfc 46 ft tfi €> iflJ ?£ «r fx o T J; ft *> , ffif*t?t**^Tfcs *8^?fc©**$iaK 

i5'tI«tOlllloaB*ffi*tSBiS*««6**>6«»*n8«fl:t(iWi;74v>tO* 
L T ill * ff o T fc «fc ^ „ L ft: o T N ««±<Djft©ffi«tt» «t*^S!JE3Si:*«fccD 

mi £ & s « ms -c an ?e s &m {'B1.xsmm.7-~y ;v) 

3g©*»SHiRtaffii:©liB©^HII*3SfilfS« IB2<D«[*|£«*&3R**JS?R©a«iteSBll 
lTil\ 30 
[00 1 43 

* n m © 1 o © n u j& ft , as 4* & % §p t? ft a* & < ft a t ^ -5 c t -e & t> , * ft ft , Me 

TffiT-rSCfcA^^fc^^CfctCKS,, S 5 (C , & f* ffi ffi fiP T' m ft P3 it T * § « 88 & 

^Itc fcfc<ffifln?t?s 0 c © $'J M © £ £ ft £ W ft , -fT — ^Hy - ijy^57^ 

[00153 40 

HB S ffi -r - ^ ;^ ft S ^6 g!5 L , WEiS^ti, MIB WIBM#^r^^ f KWIB^ 

co S5 13 S fli *T L T iiJ ^ L , SUSSPfcWrST^-f^vh ^ovv^*JpJ«Tf** 

[00 1 6 ] 

*mm<D-~~nffimic x %> t, m & % ft m ib m « ± © ^ © k $ a lf / x ft « * * h je -r § 

©¥f SIStt, «lil^Xf — >3 >t f^- 771' (o n - t h e - f 1 y 50 
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t ^ ft ^ , m it « m m <d ^ m r* r ? ca^Biitcss 



-i- 39 » 8? « tt , MS2IISi«T?t5fS)SXT-i'a y & t; su o pj x x - 
T *5 0 , Sij IB ffll SB i& i£ 15 IB Id 3t X x - ^ a y K IS W £ ft s I5KI«t-7';1/ 
•r — 3 ^ £ W 13 m X r — *s 3 ^Oit'RTSltS o T t I V\ *g 
7;l/?|L, &S«7^~y;l/# s ft} 1 £X'r-—>3 y£ISXf-i'3 :/ Hi T* 

L ft ^ o T s » © X )V — ~? y h # Si * 0 s ^^^cfcO^^WtC^D 
(the cost of ownership) ^SlStlS, 



m ic J; § t s bu IB S P §15 & 5S S Y ;>< - ^ • -b > it T? & £ 



7~ 



■r a x x y y £ s 



t *D ID © £ M % ?E 



20 



) J t? ff t> tl 
COO I 7 3 

u y ^ 9 "7 
-y 3 >ss l 

« M IB ft 3fe X 
Rl BS T* 3& o T 

7 ;P % ft ?fc Tf 

[0018] 10 

*S§ W O — 
[00 I 93 
W * L < ti 

7} pp] fct S f 

[ 0 0 2 0 3 

y ;V Jt T* *g M 
PJ S 3R * 6 

« f § X t- «y y i: s 

;^^zy^#g|f ffl L T s Jg j& £ ■- A ^ © tgf Bn £ 33 T £ y Zt %. 2> 7- T y 
ft, 

t 

[ 0 0 2 1 ] 30 

* m m m T« fi s R#«&##M©SI;^%s *i«(ciot I C©B!J&te±ESsll*«ffl 

teov-rfrd t>K ^<d£ a a & h & as <d ^ < <z> ffl & # a& s <i t*wa»ca«t-5 

-y, « » « jjs M * ;K ««l«A.y F*|©lItcffifflTt§o S 8! # (* *i fl¥ 3 ti <£ •? 

r^x^j , riu rg« (t a r g e t) ss^j tc^-n^na* 

USA 6tl^^#x.l.-^t-C ; fe^ 0 
[ 0 0 2 2 3 

* h jtn « i? m is rjgtiiij srf r e - a j a , « n r ftf tt (ftt^esft*^ e 5 , 2 

48, 1 93s 1 5 7Xttl 2 6 nm©t©) Cf t^T OllOSIftWI^St t 40 

[ * m m 3 

[ 0 0 2 3 ] 
[ 0 0 2 4 3 

@ Ff , » -r <s # jr # ti « jc -r § iJ a « ^ l t ^§ . 

[ 0 0 2 5 3 

SSitlSJSiJ e- A P B (ft t * U VffllJMtt) *{&mir%t&M%k E x s I L (iltOtSl 50 
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<D M V it , C ft tt * 6 Sfc « II L A £ M X \>> $ ) , 

V * * M A ( ft t 7L it V f- 9 Jl ) ^ffiStl.'?^*' • Jfc ;V # ft m 7L s $J A P LKJtUT 

IE &f k v x jr * fit ■ st & t % n i & n t* 46 # is tc m m s n ft as 1 f* *r - r ( v x * • 

•r — 7 ;l/ ) MT, 

(ft t Atfl/i>7 hSB?ftft-> y a :/ • S x-/\) *«»t5ifi$;^4i 

t* — ~7 A/ (SSf-7/1/) W T , M £ * 

IKWOii (t a rge t) # C (fci:^.tfl"QX(i*»0^-i'*#0) l:»LT 

yx*MA<oa»if»»*iit«fti6oa»» c ruyxj > p l c ft t m f ^ >- 

X*) o 10 

c c -e ^ u ft «fc 5 £ > & s k a cfefc*araiflvx^*wrs) san©*)©"?**., ft 
ft l , - m k it , m & it ft t x it » c ft t a a e it x ? * « *. ft ) siiofcot't 

«*: V „ S5l>tt, IS ^ g , ftK^lfc^nif5ABIII37 - • r u -r * H , ffe © » w <o 

[ 0 0 2 6 ] 

m m m l a eft t mi£i> — i?£.f8.xizwtm.-? ; 7 x v no usise-A^iits, 
c <o — i±izmM%k c sr I* ■ ) i l « 16 £ ft & *k ens, igt7-3tfej;< 1 a& s 

V>J4> ft t x. tf I: - A ffi 7\ §§ E x * £ ©jH3flj£WM5#K*»i8 L fcfcfcfx ^ T * V>« Ml 

u t e r & 0 - i n n e r tltS) t«tf 4i»¥S A M*I*Tt^T t *V\ * 20 
<b iC , JR It |fe ■ I L {* ffl , -Y>"r^U-^ (i n t e g r a t o r) I NRtf*)tSl 

ft if — APB«,^co»fM-eF^s©fe]~-it&tfatje^ ; fpfe#'r«)o 

[ 0 0 2 7 ] 

0 i EiiTStLT^fc/ctfci^^ mm mm l a it ( tc t %- it 7kM ^ y •? ~u & %> m 

ic L a U if * * t? 3 * 3 ) ';y^7 7^fi»8loH*fi(i:ft5TU^tf, Be St 
»»LAtf'Jyy77-rfi»8Bfr6inT6!), froSUhfeSltHf-Atf (ft£ 
£tfj®#Jft}&iRj5-7 — £rffl^T) IgSrtlcf *nSJ;^ £ltt<i;i/\ It # 9f M 8 . 
ft fttffil H L A ^ x ^ s > v • U-1fT?;fe*li^(i:*V». *?8Wi: j eo1»l l lFil*IBBH:*n6 
ti^l^^att^fcOTSIi. 30 
[ 0 0 2 8 ] 

tf - A P B (i , ^ CD VX^-^-^^MTi^^Jf^ftft^X^MAfcSsMI'So 
t!-AP B(i, V7?MA^IIIT*6, S»lP L %IIL, C tUC <£ D tf - A P B 

t/^Ts ISf-^^WTf , fttA{f®^C@tlffi?^C^tf— APB<D8i§&*fC'(SH#iJ6 

•*-*«t5teiEWfc^B!r7f**. ra fit , S i ffiIftfc¥i9S«^t, ft t £ if v x £ • 9 

l'75'Jfr67X*MA*ittfiK«0)iA;««t, XfiX^^ycptC, tf - A P B©« 
KfcJ^bTvx^MA*iE»ti:ffl«Sti& , r*«o — Aft fc ft#f-^*MT, W T © # 
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(57) Abstract 

Purpose: To provide a method and apparatus for accurately aligning and/or leveling a 
substrate in an immersion lithography apparatus. 

Configuration : A map of the surface of a substrate is generated at a measurement 
station. The substrate is then moved to where a space between a projection lens and 
the substrate is filled with a liquid. The substrate is then aligned using, for example, a 
transmission image sensor and, using the previous mapping, the substrate can be 
accurately exposed. Thus the mapping does not take place in a liquid environment. 
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Scope of Patent Claims 
Claim 1 

A lithographic projection apparatus comprising: 
a radiation system for providing a projection beam of radiation; 
a support structure for supporting patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of 
the substrate; 

a liquid supply system for filling a space between the final element of the 
projection system and the substrate with a liquid; and 

a measurement system for measuring locations of points on the substrate; 

wherein the measurement system is arranged so as to measure the locations of 
points on the substrate not through the liquid of the liquid supply system. 

Claim 2 

The lithographic projection apparatus according to claim I, wherein the 
measurement system comprises an alignment system for measuring the locations of a 
plurality of alignment marks on the substrate. 

Claim 3 

The lithographic projection apparatus according to claim 1 or 2, wherein the 
substrate table has a reference portion and the measurement system measures the 
location of the reference portion not through the liquid of the liquid supply system. 

Claim 4 

The lithographic projection apparatus according to claim 3, wherein the 
measurement system measures and determines the locations of a plurality of the 
alignment marks on the substrate relative to the reference on the substrate table. 

Claim 5 

The lithographic projection apparatus according to any one of claims 1 to 4, 
wherein the measurement system comprises a leveling sensor for measuring the 
heights and/or tilts of points on the substrate. 

Claim 6 

The lithographic projection apparatus according to any one of claims 1 to 5 
having an exposure station at which the substrate may be exposed and a separate 
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measurement station, the measurement system being provided at the measurement 
station and the substrate table being movable between the exposure and measurement 
stations. 

Claim 7 

The lithographic projection apparatus according to claim 6 f wherein there are a 
plurality of substrate tables, each movable between an exposure station and a 
measurement station. 

Claim 8 

The lithographic projection apparatus according to any one of claims 1 to 7, 
wherein the reference portion is a transmission image sensor. 

Claim 9 

A method of manufacturing a device comprising the steps of: 

providing a substrate that is at least partially covered by a layer of radiation- 
sensitive material on a substrate table having a reference mark; 

measuring the locations of points on the substrate using a measurement beam 
projected from a measurement system; 

providing a projection beam of radiation using a radiation system; 

providing a liquid to fill a space between the substrate and the final element of 
a projection system used in the projecting; 

using patterning means to endow the projection beam with a pattern in its 
cross-section; and 

projecting the patterned beam of radiation onto a target portion of the layer of 
radiation-sensitive material, 

wherein the measurement beam is not projected through the liquid. 

Claim 10 

The method of manufacturing a device according to claim 9, wherein 
measuring the locations comprises measuring the locations of alignment marks on the 
substrate. 

Claim 1 1 

The method of manufacturing a device according to claim 9 or 10, wherein 
measuring the locations comprises measuring the heights and/or tilts of points on the 
substrate. 
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Detailed Description of the Invention 
Industrial Field of Utilization 
[0001] 

The present invention relates to a lithographic projection apparatus 
comprising: 

a radiation system for providing a projection beam of radiation; 

a support structure for supporting patterning means serving to pattern the 

projection beam according to a desired pattern; 

a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of 
the substrate; 

a liquid supply system for filling a space between the final element of the 
projection system and the substrate with a liquid; and 

a measurement system for measuring locations of points on the substrate. 

Prior Art 
[0002] 

The term "patterning means" as here employed should be broadly interpreted 
as referring to means that can be used to endow an incoming radiation beam with a 
patterned cross-section, corresponding to a pattern that is to be created in a target 
portion of the substrate; the term "light valve" can also be used in this context. 
Generally, the pattern will correspond to a particular functional layer in a device being 
generated in the target portion, such as an integrated circuit or other device (see 
below). Examples of such patterning means include: 

A mask. The concept of a mask is well known in lithography, and it includes 
mask types such as binary alternating phase-shift, and attenuated phase-shift, as well 
as various hybrid mask types, Placement of such a mask in the radiation beam causes 
selective transmission (in the case of a transmissive mask) or reflection (in the case of 
a reflective mask) of the radiation incident on the mask, according to the pattern on 
the mask. In the case of a mask, the support structure will generally be a mask table, 
which ensures that the mask can be held at a desired position in the incoming 
radiation beam, and that it can be moved relative to the beam as necessary 

A programmable mirror array. One example of such a device is a matrix- 
addressable surface having a viscoelastic control layer and a reflective surface. The 
basic principle behind such an apparatus is that (for example) addressed areas of the 
reflective surface reflect incident light as diffracted light, whereas unaddressed areas 
reflect incident light as undiffracted light. Using an appropriate filter, the undiffracted 
light can be filtered out of the reflected beam, leaving only the diffracted light behind; 
in this manner, the beam becomes patterned according to the addressing pattern of the 
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matrix-addressable surface. An alternative embodiment of a programmable mirror 
array employs a matrix arrangement of tiny mirrors, each of which can be individually 
tilted about an axis by applying a suitable localized electric field, or by employing 
piezoelectric actuation means. Once again, the minors are matrix-addressable, such 
that addressed mirrors will reflect an incoming radiation beam in a different direction 
to unaddressed mirrors; in this manner, the reflected beam is patterned according to 
the addressing pattern of the matrix-addressable mirrors. The required matrix 
addressing can be performed using suitable electronic means. In both of the situations 
described above, patterning means can include one or more programmable mirror 
arrays. More information on mirror arrays as here referred to can be gleaned, for 
example, from United States Patents US 5,296,891 and US 5,523,193, and PCT patent 
applications WO 98/38597 and WO 98/33096, which are incorporated herein by 
reference. In the case of a programmable mirror array, the support structure may be 
embodied as a frame or table, for example, which may be fixed or movable as 
required. 

A programmable LCD array. An example of such a structure is given in 
United States Patent US 5,229,872, which is incorporated herein by reference. As 
above, the support structure in this case may be embodied as a frame or table, for 
example, which may be fixed or movable as required. 

For purposes of simplicity, the rest of this text may, under certain settings, 
specifically direct itself to examples involving a mask and mask table; however, the 
general principles discussed in such examples should be seen in the broader context of 
patterning method as hereabove set forth. 
[0003] 

Lithographic projection apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In such a case, patterning means may 
generate a circuit pattern corresponding to an individual layer of the IC, and this 
pattern can be imaged onto a target portion (for example, including One or more dies) 
on a substrate (silicon wafer, LCD, mask or the like) that has been coated with a layer 
of radiation-sensitive material (resist). In general, a single wafer will contain a whole 
network of adjacent target portions that are successively irradiated via the projection 
system, one at a time. In current apparatuses, employing patterning through a mask 
on a mask table, a distinction can be made between two different types of machine. In 
one type of lithographic projection apparatus, each target portion is irradiated by 
exposing the entire mask pattern onto the target portion in one go; such an apparatus 
is commonly referred to as a wafer stepper. In an alternative apparatus - commonly 
referred to as a step-and-scan apparatus - each target portion is irradiated by 
progressively scanning the mask under the projection beam in a given reference 
direction (the scanning direction) while synchronously scanning the substrate table 
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parallel or anti-parallel to this direction; since, in general, the projection system will 
have a magnification M (generally < 1), the speed V at which the substrate table is 
scanned will be a magnification M times that at which the mask table is scanned. 
More information with regard to lithographic devices as here described can be 
gleaned, for example, from US 6,046,792, incorporated herein by reference, 
[0004] 

In a manufacturing process using a lithographic projection apparatus, a pattern 
(for example, in a mask) is imaged onto a substrate that is at least partially covered by 
a layer of radiation-sensitive material (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, resist coating and a soft bake. 
After exposure, the substrate may be subjected to other procedures, such as a post- 
exposure bake (PEB), development, a hard bake and measurement/inspection of the 
imaged features. This array of procedures is used as a basis to pattern an individual 
layer of a device, for example, an IC. Such a patterned layer may then undergo 
various processes such as etching, ion-implantation (doping), metallization, oxidation, 
and chemo-mechamcal polishing, all intended to finish off an individual layer. If 
several layers are required, then the whole procedure, or a variant thereof, will have to 
be repeated for each new layer. Eventually, an array of devices will be present on the 
substrate (wafer). These devices are then separated from one another by a technique 
such as dicing or sawing, and the individual devices can be mounted on a carrier, 
connected to pins or the like. Further information regarding such processes can be 
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill 
Publishing Co,, 1997, ISBN 0-07-067250-4, incorporated herein by reference. 
[0005] 

For the sake of simplicity , the projection system may hereinafter be referred to 
as the "lens"; however, this term should be broadly interpreted as encompassing 
various types of projection systems, including refractive optics, reflective optics, and 
catadioptric systems, for example. The radiation system may also include 
components operating according to any of these design types for directing, shaping or 
controlling the projection beam of radiation, and such components may also be 
referred to below, collectively or singularly, as a "lens". Further, the lithographic 
apparatus may be of a type having two or more substrate tables (and/or two or more 
mask tables). In such "multiple stage" devices the additional tables may be used in 
parallel, or preparatory steps may be carried out on one or more tables while one or 
more other tables are being used for exposures. Dual stage lithographic apparatus are 
described, for example, in US 5,969,441 and WO 98/40791, incoiporated herein by 
reference, 
[0006] 
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The lithographic industry is constantly trying to reduce feature sizes on silicon 
substrates in order to manufacture ever more complex integrated circuits. The feature 
sizes are limited by the effect of diffraction and thus the resolution of a particular 
system of numeral aperture NA using a wavelength X is: 
[0007] 

[Expression 1] 

where k is a pre-factor. The numerical aperture NA is n sin0; where n is the 
refractive index of the transmissi ve substance, 
[0008] 

Hence to decrease the resolution, the wavelength can either be reduced or the 
numerical aperture increased. It has been proposed to immerse the substrate in a 
liquid having a relatively high refractive index, for example, water, so as to fill a 
space between the final element of the projection system and the substrate. The point 
of this is to enable imaging of smaller features since the exposure radiation will have a 
shorter wavelength in the liquid, (The effect of the liquid may also be regarded as 
increasing the effective numerical aperture NA of the system). 
[0009] 

However, submersing the substrate or substrate and substrate table in a bath of 
liquid (see for example US 4,509,852, hereby incorporated in its entirety by reference) 
means that there is a large amount of liquid that needs to be accelerated during a 
scanning exposure. This requires additional or more powerful motors and turbulence 
in the liquid may lead to undesirable and unpredictable effects. 
[0010] 

One of the solutions proposed is for a liquid supply system to provide liquid in 
a localized area between the final element of the projection system and the substrate 
(the substrate generally has a larger surface area than the final element of the 
projection systems). One solution which has been proposed to arrange for this is 
disclosed in WO 99/49504, hereby incorporated in its entirety by reference. As 
illustrated in FIGS 4 and 5, liquid is supplied by at least one inlet IN onto the 
substrate, preferably along the direction of movement of the substrate, relative to the 
final element, and is removed via at least one outlet OUT after having passed under 
the projection system. That is, as the substrate is scanned beneath the final element in 
a - X direction, liquid is supplied at the +X side of the final element and taken up at 
the -X side, FIG. 4 shows the arrangement schematically in which liquid is supplied 
via the inlet IN and is taken up on the other side of the final element via the outlet 
OUT which is connected to a low pressure source. In the illustration of FIG. 4 the 
liquid is supplied along the direction of movement of the substrate relative to the final 
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element, though this does not need to be the case. Numbers of inlets and outlets 
positioned around the final element can be arranged in various directions. An 
example is illustrated in FIG. 5 in which four sets of an inlet with an outlet on either 
side are provided in a regular pattern around the final element to form a liquid 
reservoir, 
[0011] 

However, immersion lithography is an embryonic technology and there remain 
many problems in its practical application. This patent application is concerned in 
particular with the alignment and leveling of the substrate. Conventionally alignment 
and leveling is performed with the substrate in the field of view of the projection 
system (i.e. at an exposure station). However there is insufficient space for alignment 
or level measurement apparatus in and around the immersion liquid reservoir so the 
practical adaptation is likely to be complex or the accuracy can be compromised. 
Furthermore, the presence of liquid near the alignment and level measurement 
apparatus can degrade the performance of the apparatus. 

Disclosure of the Invention 

Problems to Be Solved by the Invention 

[0012] 

It is an object of the present invention to provide a method and apparatus for 
accurately aligning and/or leveling a substrate in an immersion lithography apparatus. 

Means to Solve Problems 
[0013] 

This and other objects are achieved according to the invention in a 
lithographic apparatus as specified in the opening paragraph, characterized in that the 
measurement system is arranged so as to measure the locations of points on the 
substrate not through the liquid of the liquid supply system. The locations of points 
on the substrate are thus measured outside the immersion system and without the 
presence of liquid, Alternatively, the measurements could take place while the target 
portion of the substrate is submerged in liquid, i.e. the measurements may take place 
through liquid, but not the same liquid as supplied by the liquid supply system for 
filling the space between the final element of the projection system and the substrate. 
The locations of points on the substrate would therefore be measured with liquid 
between the measurement system and the substrate, the liquid would then be removed 
to move the substrate (and substrate table) to the focal point of the projection system 
where the liquid supply system would supply liquid to fill the space between the final 
element of the projection system and the substrate prior to exposure taking place. A 
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second liquid supply system may be present in the vicinity of the measurement 

system. 

[0014] 

An advantage of the present invention is that there is better flow in the liquid 
reservoir because the measurement system is no longer in or around the reservoir 
around the projection system and the performance of the measurement system is not 
degraded by the presence of liquid. Furthermore smooth flow conditions in the liquid 
reservoir are preferred as there is no change in the apparatus leading to rough edges. 
Using this method, measurement systems not specifically adapted for immersion 
lithography can be used without complex improvement* A further advantage of this 
measurement system is that any improvements to such measurement systems used 
outside of the immersion lithography field can easily and automatically be 
incorporated into the immersion system. 
[0015] 

The measurement system preferably includes an alignment system for 
measuring the locations (in the x, y and Rz directions) of a plurality of alignment 
marks on the substrate. According to an embodiment of the invention the substrate 
table has a reference portion and the measurement system measures the location of the 
reference portion not through the liquid of the supply system. The locations of the 
alignment marks should preferably be measured relative to the reference on the 
substrate table to enable a map of alignment marks relative to the reference portion to 
be built up. 
[0016] 

According to an embodiment of the present invention the measurement system 
includes a leveling sensor for measuring the heights and/or tilts (i.e. measuring in the 
z, Rx and Ry directions) of points on the substrate. Thus, level measurement of the 
substrate, which is conventionally undertaken "on-the-fly" at the exposure station, can 
be achieved outside the liquid reservoir. 
[0017] 

The lithographic projection apparatus can have an exposure station at which 
the substrate may be exposed and a separate measurement station, the measurement 
system being provided at the measurement station and the substrate table being 
movable between the exposure and measurement stations. Furthermore the apparatus 
can have a plurality of substrate tables, each movable between an exposure station and 
a measurement station. While one substrate table is being mapped, a second substrate 
table can be exposed. Substrate throughput is therefore higher, the apparatus more 
efficient and the cost of ownership improved, 
[0018] 
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According to an embodiment of the invention, the reference portion is a 
transmission image sensor. 
[0019] 

The alignment system preferably measures displacement in two linear 
perpendicular directions and rotation within the plane defined by the two 
perpendicular directions, 
[0020] 

According to a further aspect of the invention, there is provided a method of 
manufacturing a device comprising the steps of: 

providing a substrate that is at least partially covered by a layer of radiation- 
sensitive material on a substrate table having a reference mark; 

measuring the locations of points on the substrate using a measurement beam 
projected from a measurement system; 

providing a projection beam of radiation using a radiation system; 

providing a liquid to fill a space between the substrate and the final element of 
a projection system used in the projecting; 

using patterning means to endow the projection beam with a pattern in its 
cross-section; and 

projecting the patterned beam of radiation onto a target portion of the layer of 
radiation-sensitive material, 

wherein the measurement beam is not projected through the liquid, 

[0021] 

Although specific reference may be made in this specification to the use of the 
apparatus according to the invention in the manufacture of ICs, it should be explicitly 
understood that such an apparatus has many other possible applications. For example, 
the apparatus may be employed in the manufacture of integrated optical systems, 
guidance and detection patterns for magnetic domain memories, liquid-crystal display 
panels, thin-film magnetic heads or the like. The skilled artisan will appreciate that, 
in the context of such alternative applications, any use of the terms "reticle", "wafer" 
or "die" in this text should be considered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0022] 

In this specification, the terms "radiation" and "beam" are used to encompass 
all types of electromagnetic radiation, including ultraviolet radiation (for example, 
with a wavelength of 365, 248, 193, 157 or 126 nm). 

Embodiments 
[0023] 



Japanese Unexamined Patent Application Publication No. P2004-1 65666 A(l 1) 



Embodiments of the invention will now be described, by way of example only, 
with reference to the accompanying schematic drawings. 
[0024] 

In the drawings, corresponding reference symbols indicate corresponding 

parts. 
[0025] 

FIG. 1 schematically depicts a lithographic projection apparatus according to a 
particular embodiment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection beam PB of radiation (for 
example, UV radiation),(which in this particular case also includes a radiation source 
LA); 

a first object table (mask table) MT provided with a mask holder for holding a 
mask MA (for example, a reticle), and connected to first positioning means for 
accurately positioning the mask with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for 
holding a substrate W (for example, a resist-coated silicon wafer), and connected to 
second positioning means for accurately positioning the substrate with respect to item 
PL; 

a projection system ("lens") PL (for example, a refractive lens system) for 
imaging an irradiated portion of the mask MA onto a target portion C (for example, 
including one or more dies) of the substrate W. 

As here depicted, the apparatus is of a transmissive type (for example, has a 
transmissive mask). However, in general, the apparatus may also be of a reflective 
type, for example (for example, with a reflective mask). Alternatively, the apparatus 
may employ another kind of patterning means, such as a programmable mirror array 
of a type as referred to above, 
[0026] 

The radiation source LA (for example, a laser-produced or discharge plasma 
source) generates a beam of radiation. This beam is fed into an illumination system 
(illuminator) IL, either directly or after having pass- through type adjusting means, 
such as a beam expander Ex, for example. The illuminator IL may include adjusting 
means AM for setting the outer and/or inner radial extent (commonly referred to as a- 
outer and a-inner, respectively) of the intensity distribution in the beam. In addition, 
the illuminator IL will generally includes various other components, such as an 
integrator IN and a condenser CO. In this way, the incident beam PB incident on the 
mask MA has a desired uniformity and intensity distribution in its cross-section. 
[0027] 

It should be noted with regard to FIG. 1 that the radiation source LA may be 
within the housing of the lithographic projection apparatus (as is often the case when 
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the source LA is a mercury lamp, for example), but that the radiation source LA may 
also be remote from the lithographic projection apparatus, the radiation beam which it 
produces being led into the apparatus (for example, using suitable directing mirrors); 
this latter is often the case when the radiation source LA is an excimer laser. The 
present invention and Claims encompass both cases. 
[0028] 

The beam PB subsequently intersects the mask MA, which is held on a mask 
table MT. After passing the mask MA, the beam PB passes through the projection 
system PL, which focuses the beam PB onto a target portion C of the substrate W. By 
using second positioning means (and interferometric measuring means IF), the 
substrate table WT can be moved accurately, for example, so as to position different 
target portions C in the path of the beam PB. Similarly, first positioning means can be 
used to accurately position the mask MA with respect to the path of the beam PB, for 
example, after mechanical retrieval of the mask MA from a mask library, or during a 
scan. In general, movement of the object tables MT, WT will be realized with the aid 
of a long-stroke module (course positioning) and a short-stroke module (fine 
positioning), which are not explicitly depicted in FIG. 1 . However, in the case of a 
wafer stepper (as opposed to a step-and-scan apparatus) the mask table MT may just 
be connected to a short stroke actuator, or may be fixed in the XY plane. 
[0029] 

The depicted apparatus can be used in two different modes: 
L In step mode, the mask table MT is kept essentially stationary, and an entire 
mask image is projected in one go (i.e. a single "flash") onto a target portion C. The 
substrate table WT is then shifted in the x and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same procedure applies, except that a given 
target portion C is not exposed in a single "flash". Instead, the mask table MT is 
movable in a given direction (the so-called "scan direction", for example, the y 
direction) with a speed v, so that the projection beam PB is caused to scan over a 
mask image; concurrently, the substrate table WT is simultaneously moved in the 
same or opposite direction at a speed V = Mv, in which M is the magnification of the 
projection system PL (typically, M= 1/4 or 1/5). In this manner, a relatively large 
target portion C can be exposed, without having to compromise on resolution. 
[0030] 

In FIG. 2 the substrate table WT is at a measurement station where alignment 
and/or level measurement take place. The substrate table is provided with a reference 
portion Fl (also referred to as a fiducial), which may includes a plate etched through 
with a pattern corresponding to a standard alignment mark underneath which is a 
radiation sensor, also known as a transmission image sensor, responsive to radiation. 
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At the measurement station, the substrate table WT is moved to detect the reference 
portion Fl using an alignment system within the measurement system 30 and then to 
detect the alignment marks on the substrate W thereby enabling the locations (in 
directions x, y and Rz) of the substrate alignment marks to be found. In an 
embodiment, the location of the alignment marks are measured and determined 
relative to the reference portion. 
[0031] 

Level measurement of the substrate then occurs at the measurement station. In 
order to measure the level of the substrate, a leveling beam (projected from the 
measurement system 30) can be used that passes a first grating prior to reflection by 
the substrate W, A second grating is then placed in the path of the leveling beam after 
reflection by the substrate W, The extent to which the images of the first and second 
gratings coincide is measured by a level measurement sensor and is determined by the 
height and/or tilt of the substrate W (the z, Rx and Ry coordinates are thus 
determined). For a further description of level measurement of substrates reference is 
made to European patent application EP 02,257,251. Hence, using data from the 
alignment of the substrate and the level measurement of the substrate a map of the 
substrate can be generated, 
[0032] 

As shown in FIG. 3, substrate WT is then moved to the separate exposure 
station where liquid supply means 18 are provided to supply liquid (for example, 
water) to a space between the projection system PL and the substrate table WT to 
form a liquid reservoir 10. In this example, the reservoir 10 forms a contactless seal 
to the substrate around the image area of the projection system PL so that liquid is 
confined to fill a space between the substrate surface and the final element of the 
projection system PL. A seal member 12, positioned below and surrounding the final 
element of the projection system PL, borders the reservoir 10 and includes liquid 
supply means 18. The seal member 12 extends a little above the final element of the 
projection system and has an inner periphery that at the upper end closely conforms to 
the step of the projection system or the final element thereof and may, for example, be 
round. At the bottom, the inner periphery closely conforms to the shape of the image 
area, for example, rectangular though this need not be the case. Liquid is brought into 
the space below the projection system and within the seal member 12 and the liquid 
level rises above the final element of the projection system PL so that a buffer of 
liquid is provided. 
[0033] 

A gas seal 16, formed between the bottom of the seal member 12 and the 
surface of the substrate W, confines the liquid in the reservoir. The gas seal is formed 
by gas such as air or synthetic air but preferably N 2 or another inert gas, provided 
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under pressure via an inlet 1 5 to the gap between seal member 1 2 and the substrate 
and extracted via a first outlet 14, An overpressure on the gas inlet 15, vacuum level 
on the first outlet 14 and geometry of the gap are arranged so that there is a high- 
velocity air flow inwards that confines the liquid. 
[0034] 

In an embodiment, the liquid reservoir defined by inlet(s) IN and outlet(s) 
OUT as shown in FIGS. 4 and 5 can be similarly applied. In such a case, a 
measurement station can be provided as well as an exposure station including inlet(s) 
IN and outlet(s) OUT. 
[0035] 

To ascertain the exact position of the substrate table WT at the exposure 
station the reference portion Fl is scanned in three directions through the aerial image 
of an alignment mark on the mask MA. The maximum signal is returned when the 
reference portion is aligned with the image of the alignment mark on the mask in the 
plane of best focus. Using the map of the substrate W generated at the measurement 
station the location, heights and/or tilts of portions on the substrate W are therefore 
obtained. In order to track the movements of the substrate table WT, suitable position 
measurements devices can be used such as an interferometer beam projected towards 
one or more sides of the substrate table WT. A particular point on the substrate table 
can be placed at the focal point of the projection system PL and exposure of a target 
portion C of the substrate W can take place. 
[0036] 

Once exposure of the substrate W is completed it is then removed for further 
processing and a new substrate is placed on substrate table WT. The substrate table 
with the new substrate returns to the measurement station and the process can be 
repeated. 
[0037] 

Prior to the substrate table WT leaving the exposure station, the liquid 
reservoir can be emptied, for example in the case shown in FIGS, 2 and 3, by reducing 
the gas inlet pressure and allowing the liquid to be sucked out by the vacuum system 
or, for example in the case shown in FIGS. 4 and 5, by discontinuing flow of liquid 
onto the substrate through inlet IN and allowing the liquid to be sucked out by outlet 
OUT. 
[0038] 

To ascertain the exact position of the substrate table WT the position of the 
transmission image sensor described above can be sensed through the liquid, or 
alternatively not through the liquid and a correction applied. 
[0039] 
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According to an embodiment of the invention there are at least two substrate 
tables, each bearing a reference portion, and while one substrate table is at the 
measurement station the other is at the exposure station. The substrate tables are 
movable between an exposure station and a measurement station. 
[0040] 

Instead of using the reference mark Fl and the projection system to align the 
substrate, off-axis measurement can be used. The reference mark Fl can be aligned 
using another system near the projection system PL. Alternatively;, a different 
reference portion and a different system, for example one with an axis perpendicular 
to the projection axis of the projection system can be used. Further description of 
such off-axis measurement can be found in EP-A-0,906,590. 
[0041] 

Alternatively, if the substrate table is above the projection system (i.e. the 
projection system is upside down compared to FIG. 1) the liquid in liquid reservoir 10 
may not need to be completely removed and could just be refilled as necessary. 
[0042] 

In detection according to a separate embodiment there is no separate 
measurement station. Detection and measurement of the alignment mark takes place 
at the exposure station but with no liquid in reservoir 10. The liquid reservoir 10 is 
then filled up and exposure takes place. Similarly level measurement can take place 
at the exposure station with no liquid in reservoir 1 0. These measurements can be 
either off-axis or on-axis. 
[0043] 

Whilst specific embodiments of the invention have been described above, it 
will be appreciated that the invention may be implemented other than as described. 
The description is not intended to limit the invention. 

Brief Description of the Drawings 
[0044] 

Fig. 1 

FIG. 1 depicts a lithographic projection apparatus according to an embodiment 
of the invention; 
Fig^ 

FIG. 2 depicts a detail of a lithographic projection apparatus according to an 
embodiment of the invention; 
Fig, 3 



Japanese Unexamined Patent Application Publication No. P2004-1 65 666 A(l 6) 



FIG. 3 depicts the same details of the lithographic projection apparatus as FIG. 
2 at a different stage in the exposure process according to an embodiment of the 
invention; 
Fig. 4 

FIG. 4 depicts an alternative liquid supply system according to an embodiment 
of the invention; and 
Fig- 5 

FIG. 5 is an alternative view of the liquid supply system of FIG. 4 according to 
an embodiment of the invention. 
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